Acetylene (C 2 H 2 ) as an important precursor for chemiluminescence species, is a key to understand, simulate and model the chemiluminescence and the related reaction paths. Hence we developed a high resolution spectrometer based on direct Tunable Diode Laser Absorption Spectroscopy (TDLAS) allowing the first quantitative, calibration-free and spatially resolved in situ C 2 H 2 measurement in an atmospheric non-premixed counter-flow flame supported on a Tsuji burner. A fiber-coupled distributed feedback diode laser near 1535 nm was used to measure several absolute C 2 H 2 concentration profiles (peak concentrations up to 9700 ppm) in a laminar non-premixed CH 4 /air flame (T up to 1950 K) supported on a modified Tsuji counter flow burner with N 2 purge slots to minimize end flames. We achieve a fractional optical resolution of up to 5 x 10 -5 OD (1) in the flame, resulting in temperature dependent acetylene detection limits for the P17e line at 6513 cm -1 of up to 2.1 ppm•m. Absolute C 2 H 2 concentration profiles were obtained by translating the burner through the laser beam using a DC motor with 100 µm step widths. Intercomparisons of the experimental C 2 H 2 profiles with simulations using our new hydrocarbon oxidation mechanisms show excellent agreement in position, shape and in the absolute C 2 H 2 values.
Introduction
In order to increase the efficiency and avoid the production of unwanted pollutants the operating conditions of modern combustion processes are more and more shifted towards "instable" modes of operation. Thus, optimized active combustion control is required to achieve further improvements preferably using passive, optimized combustion sensors. Flame chemiluminescence (CL) shows an interesting potential for a completely passive and inexpensive combustion control sensor. Therefore the development of innovative strategies of chemiluminescence detection and analysis based on sophisticated C 1 -C 4 hydrocarbon oxidation mechanism and chemiluminescence model extensions is necessary. The important chemiluminescent radicals C 2 * and CH * are formed via their direct intermediate precursor species C 2 H and 3 CH 2 , who on the other hand are direct products of the acetylene (C 2 H 2 , H-C≡C-H) removal in the flame. [1, 20, 32] . Hence, the absolute concentration and spatial distribution of the C 2 H 2 produced during hydrocarbon combustion is a key parameter to understand and model the reaction paths towards formation of chemiluminescent species, the better understanding of the spatial distribution of the chemiluminecence and finally the use of chemiluminecence signals for combustion control purposes e.g. as a passive indicators for local heat release. C 2 H 2 also plays an important role in soot formation [2, 3] , the formation of polycyclic aromatic hydrocarbons [4] , or nano particles [5] as well as chemical vapor deposition processes [6] .
Under combustion conditions Acetylene has been a rather difficult target species even tough techniques like Diode Laser Wavelength Modulation Spectroscopy (DL-WMS) [7] , Infrared
Polarization Spectroscopy (IRPS) [8, 9] , Gas Chromatography (GC) [10, 11] , GC coupled Mass Spectroscopy (GC/MS) [12, 13] , Coherent Anti-Stokes Raman Spectroscopy (CARS) [14] , Raman [15, 16] , Laser Induced Fluorescence (LIF) [17] or extractive Tunable Diode Laser Absorptions Spectroscopy (TDLAS) [18] were applied for C 2 H 2 detection in flames over the last years. Common drawbacks of these approaches are the need for sensor calibration or limitations regarding sensitivity, spatial or temporal resolution.
For an improved understanding of flame CL, or the validation of modern flame models, detailed experimental in situ species data are necessary like the spatial C 2 H 2 distribution in simple testing systems like laminar diffusion flames.
For this purpose we further developed direct absorption spectroscopy as a powerful tool to provide robust, absolute and calibration-free C 2 H 2 concentration measurements.
Here we present a new TDLAS in situ spectrometer for C 2 H 2 detection, its application to spatially resolved C 2 H 2 concentration profile measurements inside a laminar diffusion flame, and the validation of the results via the intercomparison with flame simulations.
Burner Setup and Flame Structure
The C 2 H 2 in-flame measurements were realized in a modified CH 4 /air Tsuji burner (Type IV) [10, 19, 20] 
which is an important turbulent flame parameter.
Tsuji flames are well suited for absorption measurements. Nevertheless significant errors are caused by the slight flame front curvature in the so called end flames [21] . To minimize this effect, ensure a uniform, flat flame front with defined flame ends and thus improve the accuracy of Tsuji absorption measurements, we modified Tsuji's burner design by adding N 2 co-flow nozzles to suppress the both end flames. This results in a very homogeneous absorption path of 60 mm.
Spatially resolved species profiles were measured by shifting the burner vertically within the air duct in 100 µm steps via a software controlled DC motor connected to a high resolution translation stage.
The resolution of the translation stage i.e. the smallest step of the motor was 0.5 µm.
Direct Absorption Spectroscopy
For the in situ C 2 H 2 detection we used our variant of direct absorptions spectroscopy [22] [23] [24] which permits calibration-free measurements of absolute species concentrations, gas temperatures or gas residence time distributions [22] [23] [24] [25] [26] [27] . In harsh environments where calibration is extremely difficult or even impossible one can strongly benefit from this approach. In contrast to Wavelength Modulation Spectroscopy (WMS), Frequency Modulation Spectroscopy (FMS) or dual beam techniques the dccoupled detector signal, including all offsets and disturbances is directly digitized and used in the data evaluation. To recover the complete absorption line shape only wavelength scanning with linear ramp-like current scanning is needed. The diode laser beam was directed through the detection volume and the resulting signal detected by a photo diode. Assuming a homogeneously absorbing medium we use the extended Lambert-Beer-law
Therein ( ) describes the initial and ( ) the transmitted laser intensity. The absorption signal is described by the temperature-dependent line strength ( ), the absorber number density , the absorption path length , and the normalized line shape function ( ), which is centered at 
In-flame TDLAS spectrometer setup
A single mode, fiber-coupled, continuously tunable, near infrared distributed feedback diode laser (DFB), with an emission wavelength near 1.53 µm was used as light source for the absorption spectrometer. This laser shows an excellent laser linewidth of low single digit MHz, a high spectral stability and due to the single mode fiber coupling a well-defined, Gaussian beam shape. The laser was precisely characterized regarding spectral purity, stability and static as well as dynamic wavelength tuning characteristics [28] [ Fig.2 ].
Due to the high flame temperatures the C 2 H 2 spectrum suffers from severe interference by the dense water vapor spectrum. In a previous study on C 2 H 2 -TDLAS line selection [22] we showed that the P17e line in the  1 + 3 combination band at 6512.99 cm -1 is best suited for in situ C 2 H 2 TDLAS measurements in flame environments.
In the present study the laser wavelength is scanned over a 1. The fitting process was stabilized and optimized by calculating preset values for Doppler as well as collisional broadening, using measured values of the total pressure, the gas temperature and the foreign broadening coefficients (publication in preparation) of the C 2 H 2 lines. Further, the multiVoigt-line fit makes use of spectral data from HITRAN2008 [29] as well as HITEMP2010 [30] and includes the precisely measured dynamic tuning behavior of the laser.
Spatially resolved, highly accurate and absolute in flame temperature profiles were determined with a vertical spatial resolution of 65 µm along the stagnation line via N 2 ro vibrational CARS [31] .
The measured C 2 H 2 spatial profiles were compared to our own flame simulation results [32] . Our simulations of the non-premixed flame in one-dimensional Tsuji counter flow geometry was performed with the flame code INSFLA [33, 34] . The bold error bars in Fig.4 left are derived from the uncertainties in the absorption path length, the line strength at 296 K (HITRAN) and the optical resolution (see Fig.3 ). The thin error bars stem solely from the temperature uncertainties of the CARS measurements. These comprise the CARS uncertainties of up to ±48 K and its influence on the calculation of the temperature dependent C 2 H 2 line strength.
Results and discussion
The excellent fractional optical resolution of the inflame C 2 H 2 profiles leads with peak concentrations up to 9700 ppm to temperature dependent acetylene detection limits of 2.1 to 59.4 ppm•m.
In comparison to the model data we achieve excellent agreement in the peak position, the profile shape and the absolute C 2 H 2 values. Minor differences in the peak position can be attributed to measurement errors of the fuel ejection rate and the air velocity. Overall we achieved an excellent agreement between model based data and experiment.
Conclusion
We present the first, absolute and calibration free in situ TDLAS measurements of C 2 H 2 in a laminar, non-premixed diffusion flame of the Tsuji type burner. We achieved optical resolution of up to 5 x rates. We also show the first comparison of the measured in situ C 2 H 2 TDLAS data with improved flame simulations using a new hydrocarbon mechanism and achieve excellent agreement between simulated and measured C 2 H 2 concentration profiles, which is also remarkable since the in situ TDLAS data are determined without the use of any spectrometer calibration step and without any gas extraction or sample modification.
Outlook
The Tsuji flame data will be improved further by investigating the dependence of the C 2 H 2 profile on strain rate, on fuel composition and on flame type (premixed flames) as well as the measurement of other species like CH 4 , H 2 O, OH or CO in the Tsuji flames using the TDLAS method. in comparison with simulated flame data (line) using an improved hydrocarbon mechanism. Even the TDLAS signal was not calibrated we achieve excellent agreement in peak position, peak shape and C 2 H 2 magnitude. in comparison with simulated flame data (line) using an improved hydrocarbon mechanism. Even the TDLAS signal was not calibrated we achieve excellent agreement in peak position, peak shape and C 2 H 2 magnitude.
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